An immunological assay was developed to characterize the binding of Theiler's murine encephalomyelitis virus to BHK-21 cell receptors. After absorption of the virus and formaldehyde fixation, rabbit antibodies and Staphylococcus aureus protein A labeled with 1251 formed a specific complex on the surfaces of the cells. The optimal multiplicity of infection in this system was 10 PFU per cell. The virus was internalized at 33 and 37°C, but internalization did not take place at 25 or 4°C. The binding was proportional to the number of cells and was significant within 30 s. Cell surface receptors were still active after fixation, and only intact viruses were bound, as demonstrated by the lack of binding of the purified, isolated virion proteins VP1, VP2, and VP3.
Theiler's murine encephalomyelitis virus (TMEV) is a picornavirus isolated for the first time in 1937 (23) .
After intracerebral inoculation, susceptible strains of mice develop a chronic demyelinating disease that has several aspects in common with human multiple sclerosis (5, 13, 14) . Myelin breakdown is immune mediated rather than a consequence of direct virus infection of central nervous system cell populations (2, 3, 15, 20) .
Nervous tissue infection by TMEV is poorly understood. Previous immunohistochemical results from experiments performed in intracerebrally inoculated mice indicate that neurons are the target cells during the acute phase of the disease, while in the chronic phase, astrocytes and macrophages are also affected. Oligodendrocytes, the myelinsynthesizing cells, are not found to contain infectious viruses (6, 19) .
To study the infection by TMEV of pure populations of nervous cells in tissue culture, we have set up an immunoassay for virus binding to cell receptors by using antibodies and staphylococcal protein A labeled with 1251. This assay has the advantage of sensitivity if we compare it with the classical labeling of the viruses with [35S] methionine. In addition, crude viral stocks can be used, with no need of virion purification.
In the present study, we have characterized the receptors for TMEV on baby hamster kidney cells (BHK-21), the cell line that is usually used to maintain TMEV replication in tissue culture. This line is routinely used to pass mouse viruses from brain isolates.
The method developed here is being used to study the susceptibility of cultured nerve and glial cells to viral infection.
MATERIALS AND METHODS

Cells and viruses. Baby hamster kidney cells (BHK-21)
were grown at 37°C in Dulbecco modified Eagle medium containing 10% fetal calf serum and gentamicin (Flow Laboratories, United Kingdom). EL4, a mouse lymphoma of C57BL/6 origin, was grown in RPMI 1640 supplemented as described above. To obtain lymphocyte suspensions, thymuses from SJL/J mice were removed and gently teased out in medium. After removal of the clumps, the suspension was washed twice, tested for viability, and counted before use.
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For these studies, a strain of TMEV isolated in 1957 from a feral mouse in Belem, Brazil, called BeAn 8386, was used.
After plaque purification and several passages in BHK-21 cells, stocks of 108 PFU/ml were prepared as described previously (22) . In brief, cell cultures infected for 48 h at 33°C were sonicated, centrifuged to remove cell debris, and divided into aliquots at -80°C until used. The virus titer was determined by a standard plaque assay with 1% Noble agar (Difco Laboratories, Detroit, Mich.), and staining was done with 1% crystal violet in ethanol.
Virus purification. The purification of TMEV virion particles was performed by isopycnic centrifugation in cesium sulfate gradients as previously described (16) .
Antiserum production. Antiserum was produced in New Zealand White rabbits by subcutaneous and intramuscular injections in multiple sites. Four injections containing 300 ,ug of purified BeAn 8386 virus emulsified with complete Freund adjuvant (Difco Laboratories) were given at 2-week intervals. The rabbits were bled 10 days after the last booster, and serum was frozen at -20°C until used. Viral protein purification. Individual VP1, VP2, and VP3 virion proteins were purificated by reverse-phase high-pressure liquid chromatography with an Aquapore RP-300 column (Browlee Laboratories, Santa Clara, Calif.) (10) . The purity was checked by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (12 After absorption at 33°C for 5 
RESULTS
Binding of TMEV to BHK-21 cells. The multiplicity of infectious particles needed to achieve saturation of the surface receptors of living or formaldehyde-fixed cells is shown in Fig. 1 . Twofold dilutions of the virus stocks were allowed to bind to BHK-21 monolayers (5 x 105 cells per petri dish) for 5 min at 33°C. The excess virus was removed by washing the monolayers twice. After fixation with 3% formaldehyde, cultures were exposed to antiserum at the appropriate dilution and to 1251I-labeled protein A. Bound radioactivity was estimated after solubilization with 1 N NaOH.
Saturation was achieved at 10 PFU per cell in both cases, and the amount of labeled protein A was proportional to the number of viral particles added to the cell monolayers. The absence of virus produces background levels of radioactivity because of the nonspecific adherence of the label to the culture vessel. This fact demonstrates that the rabbit antiserum does not contain antibodies to BHK cell components as a consequence of the sucrose and cesium sulfate gradients used to purify the viral particles, further used as immunogen.
The specificity of virus binding was demonstrated by the fact that both thymocytes from SJL/J mice and EL4 lymphoma cells (C57BL/6 origin) do not bind TMEV (Fig. 1) . SJL/J is a susceptible strain and C57BL/6 is a resistant strain to TMEV-induced demyelinating disease (17). Crude stocks seem to be convenient preparations with specific infectivities higher than those reported for purified viruses (11) . This fact is consistent with reports that cesium banding partially disrupts the integrity of picornaviruses (8, 21) .
On the other hand, prefixation with formaldehyde preserves to a great extent the functionality of the cell surface receptors. At a high multiplicity of infection, almost the same amount of 125I-labeled protein A is bound by both fresh and fixed cells. However, at multiplicities of 5 and 2 PFU per cell, a decrease of two to three times in the efficiency of virus binding seems to be indicated. Antiviral antiserum titration. Rabbits were immunized with highly purified virion particles to generate a polyclonal antiserum containing antibodies against VP1 and VP2 capsid proteins (1) . This serum has a titer of 1:25,000 in a radioimmunoprecipitation assay using labeled pure viruses and Staphylococcus aureus immunoabsorbent cells (data not shown). The titration of such antiserum against BHK-21 cells, infected for 5 min at 33°C and fixed, is shown in Fig. 2 infection. The capacity for internalizing at 37°C seemed to be saturated by this time, since it did not further increase with time. This is not the case at 33°C (the optimal temperature of multiplication), at which the internalization still proceeded at 60 min.
Effect of the number of cells on binding. Different numbers of cells were seeded in plastic dishes of increasing diameters. Confluent monolayers were infected at 25°C for several periods, fixed, and subjected to our immunological procedure (Fig. 4) . The final extent of binding was roughly proportional to the amount of cells, but the rate was comparable. This indicates that the binding of the virus is receptor specific and dependent upon the amount of cells. It has been postulated that the virus attachment site resides in a structure composed of VP1 and VP3 (24) . Hence, isolated purified proteins are not expected to be recognized by the cell receptors, as seems to be the case for Rauscher murine leukemia virus gp7l (7) .
Fixation of cell monolayers with 3% formaldehyde in phosphate-buffered saline did not destroy the binding capacity of the cellular receptor (Fig. 1) . Moreover, no internalization took place in fixed cells (Fig. 5) .
At periods of incubation of 30 s, 50% of the maximum amount of virus binding took place (data not shown), indicating that the binding is of high affinity.
DISCUSSION
The possession of cell surface receptors determines the host range for picornaviruses (4) . The attachment of viruses to cells is frequently measured by using purified viral particles labeled with [35S]methionine. Nevertheless, cesium salts, commonly used in isopycnic banding for virus purification, alter the structural integrity of viral particles (8, 21 The data presented in Fig. 5 (24) .
Finally, the host range of TMEV is being actively studied by us, by this cellular immunoassay method, on cell lines from neural and nonneural origins.
